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PREFACE

This is the report of a workshop on the Forces of change in Hawaii's
aku (skipjack tuna, Katsuwonus pelamis) industry. The workshop was
held on April 30 and May 1, 1986 in Honolulu, Hawaii and was coordinated
by the Southwest Fisheries Center (SWFC) Honolulu Laboratory, National
Marine Fisheries Service, NOAA,

The objectives of the workshop were:

1. To review the status and current research on Hawaii's
aku fishery, and

2. To introduce and prepare background material for
discussion at a joint industry-government planning
session to be held at a later date.

The workshop was co-sponsored by the State of Hawaii Division of
Aquatic Resources, the Tuna Boat Owners Co-Op, Inc., the United Fishing
Agency, Ltd., the University of Hawaii Sea Grant College Program, and the
Western Pacific Regional Fishery Management Council. The workshop site
was provided by Hawaiian Tuna Packers.

Sixty people, including aku boat owners, fresh seafood distributors,
fisheries scientists and managers, and those in the wider publiec attended
the workshop.

Ten people gave presentations to the aku workshop. Some prepared
formal papers, but many simply summarized their current work or spoke
only from notes. Four papers are available as administrative reports
(see 1list at conclusion of this report).

This report summarizes the presentations and the discussions which
followed each section of the agenda. The summaries were prepared by SWFC
Honolulu Laboratory staff and are a precis of the actual presentations.
Relevant tables, figures, and charts are also included.

An executive summary of the workshop follows this preface.

These summaries are intended to convey the gist of the workshop's
presentations and discussions. However, they are not rigorous
scientific papers and should not be viewed as such. Furthermore, since
the presentations and discussions are independent contributions, they do
not necessarily represent the views of the National Marine Fisheries
Service.




EXECUTIVE SUMMARY

During a decade of decline Hawaii's annual aku (skipjack tuna) catch
has dropped to about half of its long-term average of about 4,000 t. The
number of commercial pole-and-line boats dropped from 15 in 1971 to 9 in
1986. Annual revenue decreased by about $2.7 million between 1974 and
1982. 1In 1984 the cannery closed. Workshop participants examined fisher-—
ies data, economic analyses, and research on aku in Hawaii and around the
world; looking for the causes of the local industry's decline and for ways
to improve the situation.

Commercial fishing for skipjack tuna in the western Pacific has
expanded. In the 1970's Japan introduced purse seining to this area and by
the mid 1980's, 30 Japanese and 60-70 United States purse seiners were
operating in the area. Japan has promoted industry stability by regulating
the number of it's purse seiners and retiring pole-and-line capacity.
Despite the large increase in purse seine landings, Japanese pole—and-line
catch has remained proportional to effort. This is evidence against the
idea that Hawaii's problems result from increased fishing in the western
Pacific. It is estimated that the total stock of skipjack tuna in the
South Pacific Commission area is more than 10 times as large as the
commercial catch. Extensive tagging has shown that very few gkipjack tuna
from that area are recovered near Hawaii. (John Sibert)

Tagging and gene~frequency data show a connection between skipjack
tuna in the eastern Pacific and Hawaii. Large "season aku" important in
Hawaii are the right size for typical eastern Pacific fish after 15 months
of growth. Tagging studies suggest that high natural mortality (0.16/mo in
western Pacific) would permit only 10% of skipjack tuna to survive the 15
months required to swim to Hawaii. Most (17 out of 25) tagged aku recovered
in Hawaii were from a single, 2-year (1975-76) period and may be unusual.
Most tag recoveries are made within 250 nmi (western Pacific), of release
and their distribution seems to be random. There is no link between season
aku abundance in Hawaii and catches in the eastern Pacific, considering
growth and lag time. Distant fieshing does not seem to affect aku catch
rates in Hawaii. (Robert E. Kearney)

Changes in wind and temperature conditions precede high skipjack tuna
catch rates in areas off west Africa. Tagging studies show tuna moving
between areas in synchrony with these changes, suggesting that the move-
ments are timed to bring tuna towards new aggregations of food. Hawaii's
summer catch of large aku was normal through 1973. A strong El Nino
occurred in 1972-73, and the Pacific has been graduaslly warming since 1976.
After 1973 large fish were a smaller part of Hawaii's aku catch, which
declined. The rapidity of spring warming east of Hawaii (long. 140°W)
appears to be correlated to the catch of large fish in Hawaii. Slower
spring warming from 1973 to 1979 may reflect changes in the currents that
transport or guide aku to Hawaii; or these changes may affect the food
supply, mortality, or reproduction. (Roy Mendelssohn)

Export opportunities for Hawaii's industry are curbed by the depressed
world price for skipjack tuna, resulting from a glut of canning quality tuna,
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increased harvesting capacity, and market preference for other species. The
low prices that caused the closure of U.S. canneries will remain low, favor-
ing low cost producers. Hawaii's aku industry cannot make a profit in this
market. Attempts to export fresh-frozen aku and aku sashimi will meet with
stiff competition and face consumer preference for other species. Expanding
the local sashimi market to absorb flash-frozen surplus aku might end up
benefiting importers more than Hawaii's industry. The best market opportu-
nity might be for a specialty pack of canned aku exploiting the Hawaiian
mystique (as in macadamia nuts or Hawaiian potato chips). (Dennis M. King)

The abundance of aku in Hawaii, as estimated from catch per standard
day fished, did not show any trend from 1948 through the early 1970's; but
in 1975, 1980, 1982, and 1983 (the last year analysed) catch rates were the
lowest on record. Catch rates have been below average every year since
1978, Total catch was correlated to catch rate. Standardized effort
(class 2 vessel days) showed a long-term decline and dropped below all
previous lows in 1980, 1982, and 1983. Qualitative changes in effort, such
as searching time, distance from shore, or targetting on FAD's were not
analysed. So, declining aku catches were due to reduced aku abundance and
reduced fishing effort; although the estimates of abundance (catch rates)
may have been lower because of less efficient effort rather than less aku.
(Robert A. Skillman)

Since the 1960's low earnings have curtailed investment, many aku
boats have quit, and the rest have been worked harder. Attempts to sell
more high-priced, fresh aku faced market limitations even before the
cannery closed. During 1970-85 price per ton rose 457 and costs rose 75%
(data on 5 boats, after inflation). To offset fuel (200%) and insurance
(390%) cost increases crew shares were kept low and repairs were postponed,
resulting in safety problems and depreciation. Some boats can no longer be
insured. Fishing operations (i.e., running time) may have changed to save
fuel. For 5 years there have been no profits. Bulk fuel purchases at
discount would help, and if each boat could take more trips and sell more
aku it would reduce the fixed cost ratio, but this would require a larger
market or fewer boats. (Samuel G. Pooley)

Tuna is the major component in Hawaii's fresh fish market and the
price of fresh aku dominates sashimi prices. Large aku are preferred and
their availability is greatest in the summer. The cannery was important
because it absorbed excess fish when they were abundant and without this
the market value of fresh fish plummets when the aku are most abundant. In
1979 the fishing was still good though bait was (and is) a problem; but by
1982-83 the harvest had obviously declined and the cannery price also
declined. The cannery stopped taking small aku in 1984, but it continued
to take large aku even after it closed. Dealers must find new product
forms (i.e., smoked or dried aku, fishcake), or other ways to prolong shelf
life. A local group has bought the rights to the cannery and hopes to
promote a specialty pack. (Brooks Takenaka)

The timing of events suggests that decreases in Hawaii's aku landings

were caused by fuel price increases starting in 1973, and declining aku
abundance starting in 1974. The 1974 decline in large aku landings
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corresponded with an increase in skipjack tuna catches in the eastern
Pacific, and preceded the new restrictions on baiting by 7 years. The
extra small aku catch increased in 1976 (4 years before major FAD deploy-
ment), the small aku catch declined in 1978, and medium aku declined in
1980, From 1974 to 1982 the drop in annual catch attributed to fuel price
increases was worth $1.3 million. About 25% of the remaining $1.4 million
loss in annual catch was attributable to changed aku size distributions.
The direct loss from the cannery closure in 1984 was $0.5 million and
would have been greater but for the low catches. The loss of the cannery
hurts the largest boats the worst, since they depend on volume sales. With
the current market, the fleet is expected to shrink to four or five small,
efficient vessels supplying about half of the demand for fresh aku, the
rest being imported. (Linda L. Hudgins)

Albacore is traditionally a canned product that is now successfully
marketed fresh-frozen. The albacore industry also faced declining catches
and depressed prices, so some producers explored a new method for on-board
freezing and packing to insure high quality fish. This process omits
pithing ro promote bleeding (by cutting the isthmus). The fish are then
headed, gutted, vacuum packed or glazed, and frozen at —-22°C. A cool down
period must precede freezing and processing must be finished before rigor
destroys fish texture. A crew can process 70-75 fish an hour, the on-board
freezer can handle about 1,000 kg a day, and the capacity of the vessel is
about half what it would be operating for the cannery. It cost about
$20,000 to convert one vessel. The cannery is still very important as an
alternate market. (Kathryn Vanderpool)

That there are fewer aku in Hawaii than in times past may just be an
impression caused by less fishing, or by fishing in different ways as boat
ages and costs go up. Or there may truly be less aku in Hawaii; because
they have been caught elsewhere, or because something else that affects
them has changed. The two skipjack tuna fisheries closest to the Hawaii
aku fishery are in the Northwestern Hawaiian Islands and in the eastern
Pacific west of long. 120°W and these have expanded a lot since the early
1970's. However, research tells us that aku move fast, grow fast,
reproduce at high rates, eat a lot, and die off at high rates. So aku can
increase, move around, and decrease very rapidly. They are more variable
than other tuna and the decline in Hawaii could be a response to
envirommental changes in Hawaii, or nearby. (Christofer H. Boggs)

The future of Hawaii's aku industry hinges on expanded marketing,
without which the industry will continue to suffer. Immediate palliatives
could include emergency financial assistance, product promotion, insurance
pools, tort reform, and marketing agreements. Industry-wide participation
and cooperation in finding assistance and solutions are needed. Currently,
technical assistance is primarily needed in marketing and food technology.
The lack of scientific certainty about the abundance of the resource hampers
the industry in making a case for new investment. There is interest in new
technologies for spotting aku schools, for obtaining and maintaining bair,
for new vessels and new ways of fishing., If the market can be expanded,
the opportunities for technological improvements and new investment are
many. (Richard S. Shomura, Frank Goto, Wadsworth Yee, and John Robey)
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APRIL. 30, 1986 MORNING SESSION
INTRODUCTION

The workshop opened with a summary of its purpose by Richard S.
Shomura, Director, Southwest Fisheries Center (SWFC) Honolulu Laboratory,
National Marine Fisheries Service, (NMFS), NOAA. Shomura began with the
observation that these segsions were not to be a funeral service for the
aku industry. Rather, the workshop was to review the status of the aku
industry and examine current research into skipjack tuna fisheries.
Participants were encouraged to discuss what has happened to the aku
fishery, to examine critically the biological data that have been
accumulated, and to assess economic data which have been collected recently
with the assistance of the 1ndustry.

The workshop was to be the first stage of a sequence of events to
assist the aku industry. Following this meeting, a smaller group would be
involved in a strategic planning exercise to generate recommendations which
government agencies can uge as a plan to understand where the aku industry
and fisheries research are headed. [The strategic planning exercise was
held July 2 and October 9 in Honolulu. A separate report has been
published on the planning process (Boggs and Pooley 1987).]

WORLDWIDE INFLUENCES

John Sibert: "The Status of Research on Skipjack
Fisheries in the Pacific.™

Sibert reviewed the skipjack tuna fisheries in the central and western
Pacific. He spoke on the history, current conditions, and possible futures
for these fisheries.

Sibert began by noting that the native people of the Pacific had been
fishing for skipjack tuna for as long as anyone could remember and there
are many people for whom the traditional skipjack tuna fisheries are an
important part of their livelihood. These traditional fisheries use pearl
shell lures and the catch is hauled by hand from canoces and runabouts.
This will continue to be so for many in the Pacific.

Commercial fishing for skipjack tuna was pioneered by the Japanese
around the turn of the century as their fishermen began moving of fshore
from their home waters. Between the two wars, the Micronesian area was a

INOTE: oOn measgures, participants used the scale of their own
choosing. Conversion of metric scales follow: 1 kg = 2.2 1b; 1 t = 2,205
1b; 1 in. = 2.54 emy; 1 km = 0.65 mi.
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Japanese trust territory and the Japanese extended their pole-and-line
fishery with many local bases throughout the area from Palau to Pohnpei.
This was totally changed by World War II. After the war, the movement of
Japanese vessels was somewhat restricted by the conditions of the
occupation and the historical remnants of that policy continue to shape
Japanese fisheries. The Japanese Government currently regulates the areas
for fishing by the size and type of the vessel in order to to promote
stability in their fishing industry.

In the late 1970's, there were a number of experiments with purse
seiners since this method became an important method for fishing for
skipjack tuna, Katsuwonus pelamis, and yellowfin tuna, Thunnus albacares.
The Japanese use a formula for regulating the number of purse seiners that
they will operate, including retiring tonnage in pole—and-line capacity.

In the mid-1980's, 30 Japanese purse seiners are operating in the Pacific.
Interest in purse seine fishing by the United States in the western Pacific
developed in the early 1980's and 60-70 vessels now fish the area.

Sibert pointed out that the catch of pole—and-line vessels for recent
years (1982-85) is fairly evenly distributed throughout Micronesia.
Important local fisheries exist in Fiji and the Solomon Islands. On the
other hand, purse seining grounds are concentrated in the west and near
Papua New Guinea, with an important local fishery near the Solomon Islands.
The pole-and-line and purse seine fishing grounds overlap somewhat.

The skipjack tuna catches by the purse seine fleet show & dramatic
increase in the past few years (Fig., 1). In 1982 the purse seine catch
of skipjack tuna surpassed the pole-and-line catch., The effects of this
increase are still unknown.

Despite these increases in purse gseine landings, fishing success for
the pole-and-line vessels has not been dramatically decreased. The total
catch remains proportional to the amount of fishing. If the stock were
severely damaged, the catch at high fishing effort would be lower.

In summary, the skipjack tuna fisheries in the central Pacific Ocean
are widely distributed, and the pole-and-line method appears still to be a
viable fishing technique despite its labor intensive requirements. The
Japanese are developing new vessels which are more fuel efficient, have
greater freezer capacity, and are capable of delivering sashimi quality
fish. The dramatic increase in purse seine catch does not seem to have had
an adverse effect on the stocks.

The South Pacific Commission (SPC) has estimated the total stock of
skipjack tuna to be 6.6 billion 1b (3 million t), more than 10 times the
current catch. Scientists at SPC have estimated a very high turnover rate
(approximately 16% per month) for skipjack tuna in the Pacific. Thus, the
stock of skipjack tuna in the central Pacific is very large and the
biological prospects for a continuing successful fishery are good.
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seine (solid line) effort (top graph) and catch (bottom graph) in the
western Pacific. (John Sibert) '




Previous SPC work examined the migration of skipjack tuna posing a
question of direct relevance to the Hawaii aku industry: Are the dramatic
catches in the South Pacific affecting the fishery here in Hawaii? The
short answer is, we don't really know. Evidence from fish tagged by the
SPC shows that very few tag recoveries are made near Hawaii (Fig. 2).
Sibert warned that tags are only returned where there is a fishery, and
where the fishery is small, you would not expect a lot of tag recoveries.
Despite this caveat, the probability of a large movement of skipjack tuna
from the South Pacific to Hawaii is low.

Robert E. Kearney: "Skipjack Tuna Migration and
Interactions.™

Kearney indicated that he would concentrate on Pacific-wide skipjack
tuna research results that apply to the issues pertinent to migration of
skipjack tuna to Hawaii, and this would be his personal interpretation of
the evidence. He acknowledged the recent work by Eric Forsbergh of the
Inter—American Tropical Tuna Commission on skipjack tuna in the eastern
Pacific.

Kearney began his presentation by noting that skipjack tuna are found
throughout the Pacific, and that they are highly mobile, whether or not
highly migratory. The evidence on their migration comes principally from
tagging information but information is also available from genetic studies
and catch composition data.

Kearney stressed that the skipjack tuna is an evolutionary extreme; no
other animal on Earth is so evolved to sustain high speed, and some
individuals, if not entire stocks, move great distances.

The eastern Pacific tagging program has released 118,000 tagged
skipjack tuna of which 14,000 have been recovered (Table 1). The results
indicate a reasonable amount of north-south movement and some westward
movement, a reasonable amount of fish (25 recoveries) move to Hawaii, and 1
traveled over 5,000 nmi.

There have been 140,000 releases of skipjack tuna in the westerxn
Pacific, mostly in the area from Australia to Papua New Guinea. The
recoveries show movements in all directions which Kearney suggested were
nearly Brownian motion, i.e., random. Thus, the western Pacific tagging
work suggested that the movement of skipjack tuna in an area filled with
land masses was particularly difficult to predict. Despite this, he
especially emphasized the fact that none of the tagged skipjack tuna came
to Hawaii. Kearney considered this an extremely significant piece of
information. Every place there was a fishery, there were tag recoveries,
but there were no tags released in the western Pacific recovered in Hawaii.

Comparing tag recoveries with time, the evidence shows that almost all
tag recoveries occur within 36 months (Fig. 3). The natural mortality rate
of sgkipjack tuna is extremely high (0.16 per month) such that after 15
months, which is the time it would take those fish released in the eastern
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Table 1.--Eastern Pacific landings of sgkipjack tuna and tag returns.
(Robert E. Kearney)

East Pacific Hawaii
catch (short Hawaii catch  East Pacific East Pacific tag

Year tons) (short tons) tag releases tag returns  returns
1952 45,400 3,646 306 0
1953 66,850 6,029 1,034 20
1954 86,850 7,016 3.266 11
1955 64,000 4,847 1,822 11
1956 70,150 5,566 5,585 57
1957 64,150 3,065 12,962 304
1958 82,450 3,417 21,329 453
1959 88,800 6,206 17,872 399
1960 55,250 3,680 8,653 504 2
1961 75,468 5,447 11,353 796 1
1962 78,256 4,707 5,255 1,116
1963 105,333 4,049 1,514 665
1964 65,322 4,512 421 30
1965 86,185 8,079 47 4 58 1
1966 66,669 4,692 0 0 1
1967 132,999 4,020 1,058 43
1968 78,334 4,659 9 1
1969 65,109 2,982 999 54 3
1970 61,705 3,675 548 4
1971 115,434 6,671 237 23
1972 36,784 5,429 48 0
1973 48,410 5,374 1,937 527 2
1974 86,848 3,719 157 19
1975 136,718 2,638 3,154 1,183 5
1976 140,121 4,900 12,700 6,792 12
1977 95,619 3,876 76 8
1978 186,725 3,398 0 0
1979 145,565 2,567 2,507 606
1980 144,066 1,906 2,059 246
1981 130,986 2,075 2,258 420 1
1982 108, 850 1,414 0 0
1983 63,916 1,381 8 0
1984 66,758 1,827 0 0
1985 54,891 - 5 1

Total 118,606 14,351 25
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Pacific to move to Hawaii, only 10%Z of those fish are still alive
regardless of what the fishery is doing to them.

The charting of distance between tagging and recovery shows that for
those tagged skipjack tuna recovered within 30 days, the fish haven't gone
anywhere; for those out 31-150 days, some are going out as far as 1,000
nmi, but the majority still stay close to home, and similarly for those out
for more than 180 days (Fig. 4). Evidence on movement is limited by the
distribution of fisheries, but it does point out that for a species with
high natural mortality, it is unlikely that a great number of them go a
great distance.

Kearney noted that there was a substantial argument within the
scientific community over how to interpret blood genetics data. The
esterase gene frequencies in Hawaii appear to be in the same group as those
to the east, whereas from Hawaii westward there are substantial differences
in these gene frequencies (Fig. 5). Again, this helps make the point to
support the hypothesis that fish from the western Pacific do not move to
Hawaii.

The catch composition shows that there are few really big fish taken
in the eastern Pacific (Fig. 6). These fish are mainly <55 cm (8 1b, 4
kg). In the western Pacific, in the area of Papua New Guinea, there are
also very few large skipjack tuna taken. Further north, larger fish are
taken. Even the tagged fish from the western Pacific which were alive
after 2 years were still <70 cm (17 1b, 8 kg) when they were recovered.
Again this suggests that the western Pacific fish are not those which
supply the season fish to Hawaii, which are very large.

The tagged fish which came to Hawaii from the eastern Pacific were in
fact large, season fish, and they averaged 15 months in getting here.
Their growth rates correspond to the norm (17-25 cm per year).

Kearney concluded that the data closely associate the gkipjack tuna
caught in the eastern Pacific with those caught in Hawaii but do not
closely associate the fish from the western Pacific with those in Hawaii.
This could be considered strong evidence to show that the expansion of the
eastern Pacific fishery is responsible for the decline in the Hawaii
fishery.

However, the evidence of relationship between the eastern Pacific
fishery and Hawaii is only superficial as shown in Table 1. Comparison of
eastern Pacific fisheries expansion, the tagging program, and the
recoveries of eastern Pacific tags shows that almost all the Hawaii
recoveries were from the 1975-76 tags, and most of these came from the
spring seasons. Kearney concluded that it is an anomaly for skipjack tuna
to come to Hawaii.

The dramatic decline in Hawaii's commercial skipjack tuna fishery in
the 1970's (Table 1) is what is of concern for most people. Meanwhile, in
the eastern Pacific, there is a rising trend from 1952 onwards, with a fall
in 1970-71, rising again until 1980, and a dramatic decline since 1980.
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However, despite this decline in the eastern Pacific fishery, there was no
corresponding change in Hawaii's landings.

Combining this information with size composition data produces another
conclusion. There were relatively small fish in the eastern Pacific with
some bigger fish in 1985. However, the data show a dramatic increase in
small fish landed in Hawaii. Kearney said he couldn't see how the eastern
Pacific fishery could be blamed for the increasing catch of small fish
in Hawaii, because on average the Hawaii small fish are of the same age or
younger than the eastern Pacific fish,

Finally, if the eastern Pacific fishery does affect the Hawaii
fishery, then one would expect a strong correlation between their catches.
By making alternative assumptions about the age composition of the fish,
the evidence shows there is basically no correlation between the eastern
Pacific fish and Hawaii landings (Fig. 7).

It is reasonable to conclude that the Hawaii fishery has no long-term
effect on itself, i.e., there is no fishing pressure on local stocks,
although it is possgible that heavy pressure on small skipjack tuna will
affect future landings of large fish if there is a population which stays
resident in Hawaii. The evidence on the movement from the eastern Pacific
to Hawaii shows that this movement is inconsistent and irregular.
Furthermore, Kearney emphasized that the current eastern Pacific catch is
less than one-fourth of its late 1970's levels.

Furthermore, whatever the migration data, there is probably a strong
density dependence on the immediate availability of skipjack tuna in Hawaii
waters. The ocean around Hawaii is not particularly productive to support
large quantities of tuna, and supports a relative small amount compared to
the eastern Pacific. So even if the eastern Pacific tuna came to Hawaii,
the local waters would not support many of them. Furthermore, the distance
between the fisheries is so great, and the natural mortality is so high,
that it is most likely that there is relative independence between the
fisheries. Therefore, Kearney suggested looking much closer to home for
reasons for the decline of Hawaii's aku fishery: changes in bait
availability and bait quality, the effects on fishing pattern of the fuel
crisis in the 1970's when the decline began to set in, and the observation
that fishermen are fishing closer to shore than they used to and perhaps
are not fishing quite as hard as they used to fish.
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Roy Mendelssohn: "Envirommental Influences on
; Skipjack Availability"

Roy Mendelssohn's paper was read by Christofer H. Boggs of the SWFC
Honolulu Laboratory. This summary is based on Boggs' presentation.
Mendelssohn's paper is available as an administrative report.

Mendelssohn posed another possibility in explaining the trends in
skipjack tuna availability. There are many causes which may contribute to
the decline in Hawaii's skipjack tuna fishery, not the least being the
seeming decline in the number of fish available to the fishermen. In
particular, the questions are whether the decline is due to overfishing,
whether environmental factors have increased mortality and decreased
reproduction, or whether the fish are still out there but not available to
the Hawaii fishery.

A number of alternative theories have been put forward by fishery
scientists. Mendelssohn cited Brian J. Rothschild's theory of year-class
fluctuations in skipjack tuna stocks and Gunter R. Seckel's theory of the
skipjack tuna being dispersed with the currents. Everet C. Jones developed
an index based on the north-south movement of the 20° isotherm east of
Hawaii as influencing the availability of season fish.

Mendelssohn separated into size categories the time-series of sgkipjack
tuna landings in Hawaii (Fig. 8). There was very little long-term trend in
the small and medium size classes, although Boggs noted ewidence of
periodic strong year classes for the medium size. However, for large
skipjack tuna, ir becomes dramatically evident that until 1973, there were
regular seasonal appearances of large fish, while thereafter there appears
to be an entirely different and lower level of large fish. The decline in
total catch is almost entirely due to the loss of the large fish.

The transitional period, 1972-73, was marked by a very strong El Nino.
This El Nifio had a stronger ocean warming effect and was deeper than other
recent El Nino's. It was also known to have had a strong effect on the
Peruvian anchovetta. Mendelssohn found the correspondence in the timing of
the 1972-73 E1 Nifio with the decline in the Hawaii skipjack tuna landings
to be the first intriguing bit of evidence connecting environmental changes
to the Hawaii fishery.

Mendelssohn reexamined the index developed by Jones and found that he
could relate oceanographic phenomena to the availability of large skipjack
tuna in Hawaii. He used a weighted average of the January, February, and
April positions of the 20° isotherm east of Hawaii at long. 140°W as a
measure of how quickly the temperature changed. Temperature changes in
this area may represent movements of the California Current Extension and
the North Equatorial Current. Since 1972 the index has maintained itself
at a different level, indicating a slower warming of the water in the
spring (Fig. 9).

There is relatively little environmental information on Hawaii's
fishery. However, Mendelssohn has been working with Claude Roy of the
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Office de la Recherche Scientifique et Technique Outre-Mer (ORSTOM) on the
Gulf of Guinea tuna fishery off west Africa. Although there are many
differences between the two areas, and the types of skipjack tuna fishing
are different, the results of the Africa study may be of use to people
studying Hawaii's tuna fishery.

Mendelssohn and Roy divided the Guinea fishery into 11 areas and
collected data on sea surface temperature (SST), wind, and catch per unit
effort (CPUE) (Fig. 10). The statistical correlation of these factors, and
their 2- and 4-week lag effects, show that changing water temperatures were
strong predictors of changes in catch rates. Boggs pointed out that the
correlation between the explanatory variables and the fishery was
sufficiently different between areas to explain why results from one area
could not be used to predict when fish concentration would be found in
other areas. Mendelssohn used the model to fill in missing data points to
show that model estimates matched known records quite closely. The
implication of this work is that oceanographic conditions can have a big
impact on tuna fisheries.

Mendelssohn reported that the local winds did not seem to be strong
enough to cause the upwelling and SST changes that were observed. Physical
oceanographers have identified an underwater wave called a Kelvin wave
which crosses the entire Atlantic Ocean, causing substantial regional
changes in ocean temperatures that move polewards along the African coast.

20W IOW -0 I0E
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Figure 10.--Summary of area models for skipjack tuna catch per unit effort
(CPUE) in the eastern tropical Atlantic. In each model area, wind stress

and/or sea surface temperature (SST) contributed most to predicting CPUE.

Changes from warmer (W) or colder (C) water 2 weeks (t-1) or 4 weeks (t-2)
beforehand led to the best catch rates (CPUE). (Roy Mendelssohn)
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Mendelssohn asked why tuna should follow changes in the SST? Previous
evidence shows that the upwellings associated with such temperature changes
are rich with plankton and other prey items. Therefore, the tuna are
probably following their food sources which are associated with temperature
boundaries and upwelling. The lag periods between temperature changes and
catch rate changes are caused by the time required for the plankton and
prey items to respond to the upwelling of nutrients. First, the plankton
blooms, then prey items feed on the high levels of plankton, and this, in
turn attracts the tunas. A recent tagging study in the Gulf of Guinea
seems to confirm that tuna actually follow the progression of changing SST
from area to area.

The Gulf of Guinea findings appear to confirm Seckel's hypothesis
about catches in Hawaii responding to physical oceanographic conditions,
rather than to Rothschild's hypothesis about year classes. Tuna are very
similar throughout the world and it would be very surprising if skipjack
tuna in Hawaii were influenced by very different factors. Mendelssohn also
noted that there was another strong El Nifno in 1982 and since 1976 there
has been an overall warming trend throughout the Pacific. It is as if a
change in "regime" is taking place which may help explain why the large
size-classes have not returned. Unfortunately, it is not clear whether the
tuna have just moved elsewhere or whether their reproduction and
mortality have been fundamentally changed.

Dennis M. King: "World Tuna Markets and the
Pacific Fishery."™

King discussed three aspects of the global tuna market; 1) Status of
world tuna fisheries production; 2) Description of the factors leading- to
the current bleak marketing situation; and 3) Investigation of
opportunities in the current marketing environment.

King began with a depiction of the "migration of dead fish," i.e., the
movement of tuna from harvester to cannery (Fig. 11). In general, 70% of
the world's tuna (and 85% of the world's skipjack tuna) is caught in the
Pacific. Pacific tuna goes primarily to Pacific rim canneries, although
eastern tropical Pacific tuna goes to European, Puerto Rican, Mexican, and
African canneries, and western Pacific tuna goes to Thailand, Japan, and
‘the Philippines. Therefore, Hawaii is essentially on the back door of a
western fishery which faces west for its sales and on the back door of an
eastern fishery which faces east. There seemed to have been more
opportunities for Hawaii as a staging station when there were canneries on
the west coast of the United States packing tuna from the western Pacific,
but this is no longer the case.

The total world market for tuna is approximately 1.8 million short
tons (Table 2). The United States consumes 37% of the total tuna supply
but accounts for a significantly higher percentage of the world tuna trade,
because a considerable portion of the "supply" produced in small indigenous
fisheries meets local needs but does not enter the world market. Once
national market shares are adjusted to take into account accessibility, one
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Table 2.--World supply of tuna. (Dennis M. King)

CANNED TUNA PRODUCERS
(Raw Welghtjthousand metric tonnes)

1984
NATION 1980 1981 1982 1983 1984 SHARE
United States 550 574 492 536 . 550 35.4%
Japan 180 222 226 234 218 16.0%
Italy 96 98 96 104 118 7.6%
Thailand * 16 30 56 118 7.6%
France 50 46 60 70 76 4,9%
Spain 86 B0 . 74 64 50 3.9%°
Ivory Coast - 35 52 58 52 46 3.0%
Philippines 22 5 38 48 45 3.0%-
Mexico 30 40 26 22 44 2.8%
Taiwan ® 28 22 30 26 1.7%
Ecuador 10 24 22 14 24 1.5%
Others 106 140 130 148 198 12.7% .
TOTAL : 1118 1356 1274 1380 1554 100.0%

* Less than 500 tonnes. SOURCE:s FAO FISHOAB

must have significant reservations about Japan and Europe as market
opportunities.

Prices in the United States tend to drive the world market and
evaluating U.S. consumption per capita is extremely important in
understanding the market (Fig. 12). The 1982 dip in per capita consumption
had dramatic impacts on world prices. Each 1/10 1b (45 g) per capita
consumption in the United States represents 22 million 1b (10 million kg)
of tuna (916,000 cases or $36 million in wholesale value). The 1982
reduction in consumption meant that 20,000 tons of raw/frozen tuna were
available on the world market.

The growth of U.S. consumption of fresh-frozen tuna has been
substantial but potential of this market is not as great as has been
reported. If you take a ton of raw tuna and assume a 50% yield, there is
1,000 1b (460 kg) of product. If you assume a portion of fish is 1/2 1b
(230 g) then there are 2,000 servings per ton. To distribute 5,000 tons of
skipjack tuna (Hawaii level of production) implies a dramatic increase or
substitution in consumption, i.e., 10 million new skipjack tuna portions or
dinners. King concluded that attempts to market fresh skipjack tuna would
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Figure 12.--Per capita consumption of tuna.
(Dennis M. King)

be faced with a relatively small initial market and with direct competition
from west coast tuna fishermen and the promotion of albacore.

The Japanese market appears to be even more limited. Japan's tuna
exports were 69% skipjack tuna whereas their imports were only 4%. What
may be worth investigating is that 50% of the skipjack tuna in Japan ends

up in dried form (katsuobushi) which may provide a market niche for Hawaii
producers.

The European market is dominated by the southern countries (France,
Italy, and Spain) which consume 70% of all tuna in Europe. People say the
British market and markets in northern Europe are increasing, but these
markets are generally very small. The large markets in southern Europe are
obtaining most of their product from French canneries in Africa., More
particularly, the French are net exporters of skipjack tuna, trading for
yellowfin tuna when possible. Most of Italy's canned pack is from large
yellowfin tuna. There are also substantial European economic community

tariffs. In summary, the prospects for export of skipjack tuna to Europe
are not considered promising.

In 1979-80, the cannere noticed that there was going to be a glut of
tuna harvesting capacity, and so they shifted out of long-term contracts
with vessels and began to sell their own vessels. While they did this,
they tried to let the price of raw, frozen tuna rise to the point where
these newly independent vessel owners could succeed financially.
Transferring the increased costs to consumers meant that the retail price
of canned tuna exceeded $1 a can. Consumers resisted the price increase on
canned tuna, particularly because both the price of substitutes and the
level of personal disposable income had declined, The canners tried to cut
the price, but by that point, retailers had discovered that although at $1
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a can the quantity sold declined, their profit margin was greater.

Therefore, retailers kept prices high while allowing the volume of their
canned tuna sales to diminish.

At the same time, there were extreme exchange rate dif ferences between
United States dollars and foreign currencies, particularly the Thailand
currency. These favorable exchange rates and high retail prices made
conditions perfect for foreign canners to enter the market. In the
meantime, some of the institutional buyers discovered that the quality of
foreign pack was quite acceptable. Eventually the retail price began
to move down, and this was reflected in ex-vessel priceg. The vessgels
became more efficient, cutting back on crew shares, but it was basically
too late for both U.S. vessels and U.S. supply.

As a subsidiary factor, King noted the countercyclical behavior of
insurance rates and the prime interest rate. As interest rates increased,
the insurance companies were eager to obtain premiums for investment. As
soon as interest rates declined, premiums increased (Fig. 13). This has
had a severe impact on purse seine tuna vessels.

CHANGE IN BASIC FISHING COST

(1975=100)
3
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Figure 13,--Fishing cost indices, 1975-85. (Dennis M. King)
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King considered the prospects for Hawaii skipjack tuna in either the
raw or canned fishery to be poor because of the basic structural change in
the world tuna industry. Although the profit situation has been poor over
the past 5 years, there is also no indication it will get better soon. The
only options which are available involve bold steps with good coordination
such as breaking away from the traditional 6.5 oz (185 g) canned pack and
developing a specialty pack and a market for it. Some knowledgeable people
believe that the recent disruption in U.S. production has left small niches
for such specialty packs, i.e., those markets too small for the big canners
to explore.

Domestic annual production of 10,000 tons of skipjack tuna would
create 5,000 tons of product, i.e., 480,000 cases of 6.5 oz (185 g) cans.
King concluded that if Hawaii producers developed a specialty pack
exploiting the Hawaii mystique the way the Alaska fisheries have done with
their product, then a well-packed, high-quality aku pack sold in 6-packs
with distinctive markings and marketed for under $10 ($1.67 per can) might
be a possibility.

DISCUSSION SUMMARY: Worldwide Influences on Hawaii's Aku Industry

The discussion was chaired by David Doulman. He opened the discussion
with the observation that the economic reports dash some hopesg that the
tuna canning industry can pull out of its current depression, and he
concurred that the industry has gone through a fundamental structural
change.

A boat owner remarked that despite all the nice words, a whole day of
news as depressing as that in the morning's talks was more than he could
stand, since it all seemed to be a way of saying he would go broke.

Tag Recoveries

An initial question challenged the aseertion that the 25 tag
recoveries in Hawaii from releases in the eastern Pacific implied that
skipjack tuna migration to Hawaii was infrequent and unimportant to the
Hawaiian stock. It was asked how many tag returns were expected. Kearney
replied that total tag returns range up to 14%Z (average 6%) in the western
Pacific and up to 70%Z in the eastern Pacific. Recoveries vary depending on
fishing intensity. When exploitation is heavy, many tags may be recovered
soon after release. Most of those 25 recoveries in Hawaii came from just
7,000 tagged fish, 50% of which were recovered in the eastern Pacific. The
high rate of natural mortality implies that <10%Z of skipjack tuna tagged in
the eastern Pacific could be expected to even survive 